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of survival curves and that I am a bit 
skeptical of science being intrinsically 
a young woman’s or man’s game. 
When we ultimately understand the 
neurobiological basis of creativity in 
science, I doubt that we will have a 
cellular mechanism-based affirmation 
of that frequently made assertion about 
the primacy of youth (which is most 
frequently heard from no-longer young 
researchers-turned-administrators). 
As for the personal answer to your 
question, I am very much aware 
of the role that chance has played 
in determining the path of my own 
scientific career over the past sixty 
years. I might add that I confront the 
prospect of no longer having a base of 
activity in my own research lab without 
relish. 
What are your views of editors? 
The relationship between editors 
and scientists has changed, most 
markedly in the biological sciences. 
The contributing circumstances are 
many: a huge expansion of the flow of 
information; increased specialization; 
an enormous proliferation of journals; 
attempts to quantify and rank 
reputation and to make its assessment 
‘objective’; and a significant shift of 
business models in science publishing 
are aspects that come to mind. The 
consequence of all this that I find 
least palatable is the ascent of a new 
class of scientific editors exerting 
a new degree of influence on and 
control over what science receives 
precedence, attention and resources, 
and which scientific careers prosper. 
Passing judgment on these matters 
is an integral element of science, 
and especially of science done with 
considerable quantities of someone 
else’s money. What is new is the 
dominant role of people who lack 
the legitimacy of significant personal 
scientific achievement and discovery. 
In the past, editors of scientific 
journals have been the scholarly and 
respected servants of science. They 
have increasingly become its feared, 
flattered and ridiculed masters. 
That science publishing, once the 
province of scientist-run professional 
organizations, is increasingly fallen 
into commercial hands exacerbates 
the sense of chasm separating us, the 
scientists, from them, the editors. 
What advice do you have for 
a student trying to figure out 
whether to risk embarking on a 
career in science? I’m glad you 
have posed the question in that way. 
Of course, my own experience has 
been specific to another time and 
emphatically does not qualify me to 
offer guidance, especially as we all 
appear to be programmed to idealize 
the past. Having acknowledged that, it 
is nevertheless realistic to regard the 
present situation as confronting the 
aspiring scientist with an especially 
high degree of uncertainty along 
with an unprecedented range of 
opportunity. The challenges of our 
current situation are in plain view: the 
increasing difficulty of securing support 
for investigator-initiated research; the 
increasing financial difficulties of public 
universities, which have been part of 
the foundation on which this country’s 
scientific achievements have been 
built; the increasing role in biology of 
large-scale and large-team science. All 
these tendencies delay the start, and 
diminish the probability of being able to 
embark on a career as an independent 
scientist, dedicated to bringing new 
discoveries to light. 
On the other hand, thinking 
particularly about biology and the 
biology-inspired physical sciences, 
there is an explosion of fascinating 
questions that have concrete 
prospects of proving answerable, 
thanks to technological advances 
along many fronts. At the same time, 
the diversity of gainful, socially worthy 
and important employment (two out 
of three ain’t bad) that is open to 
talented people with contemporary 
and intense research experience has 
greatly increased during my time as 
a scientist. As a consequence, the 
specific ambitions that fire entrants to 
our profession, as well as their ultimate 
paths in life, have grown more diverse. 
I regard that as a generally good thing. 
As these are not easy times, it is the 
young person who cannot imagine 
doing anything else who is best armed 
to enter the fray. For that science-
compelled young woman or man, I 
offer the encouragement that violinists 
have it even harder. Some, as they 
gaze adoringly at their first-born, may 
realize that they would like to make 
more money and switch to investment 
banking or venture capital consultancy. 
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What is a paternally transmitted 
parasite? Parasites have evolved a 
huge range of strategies to transmit 
from host to host. These can be 
grouped into horizontal transmission 
from individual to individual, and 
vertical transmission from parent to 
offspring. The most common form of 
vertical transmission is maternal, with 
the parasite passing from mother 
to offspring, usually through eggs. 
Paternal transmission is when the 
parasite is instead passed father to 
offspring, typically through sperm 
or pollen. These strategies are not 
mutually exclusive, and a parasite 
may use a number of different 
transmission routes.
Why be paternally transmitted? 
Imagine a parasite that is only 
transmitted vertically by females; 
if it is not passed to 100% of the 
offspring it will decline in frequency 
each generation until going extinct. 
Even if transmitted to 100% of 
offspring, if it harms the host it 
will again go extinct. However, if a 
pathogen is transmitted by males as 
well as females, it can persist and 
spread through the host population.
But we know about lots of purely 
maternally transmitted parasites, 
why haven’t they gone extinct? 
Maternally transmitted parasites 
include bacteria, microsporidia and 
viruses, and some of these, such 
as the bacterium Wolbachia, are 
very common in arthropods. These 
parasites have evolved a number of 
strategies to spread through host 
populations without being paternally 
transmitted. These include distorting 
the sex ratio towards the females 
that transmit them, or inducing 
mating incompatibilities between 
infected males and uninfected 
females. However, if transmission 
occurs equally through both females 
and males, such strategies are not 
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advantageous for the parasite as 
they would hinder rather than aid 
transmission.
So do paternally transmitted 
pathogens exist? Yes, although we 
know very little about them. Perhaps 
the best examples are the sigma 
viruses found in several species of 
Drosophila. In plants, sugar cane 
mosaic virus is transmitted vertically 
by infected females and also by 
males, but at a much lower rate, even 
though a higher proportion of pollen 
actually contains the virus, suggesting 
it is somehow constrained in its 
ability to infect the zygote. Alfalfa 
mosaic virus is also transmitted by 
both males and females, and in some 
host–virus genotype combinations 
pollen transmission can occur at a 
greater rate than ovule transmission. 
Other less well-studied examples 
include a virus (DSV) that infects 
Drosophila simulans, and a reovirus-
like particle found in isopods, both 
of which are transmitted vertically 
by both males and females. These 
viruses are all transmitted in or on 
the surface of the male gametes. 
There are also other routes by which 
parasites can be passed from father 
to offspring. For example, in monarch 
butterflies, spores of the fungal 
pathogen Ophryocystis elektroscirrha 
transferred by males during mating 
can infect the offspring of uninfected 
females.
What are sigma viruses? Sigma 
viruses are negative-sense RNA 
viruses in the rhabdovirus family that 
infect various species of Drosophila. 
The Drosophila melanogaster 
sigma virus was discovered over 70 
years ago as a result of the unusual 
phenotype of infected flies, which die 
on exposure to CO2. It is transmitted 
purely vertically; females transmit 
the virus at a high rate (greater 
than 98%), and males at a lower 
rate (0–60%). The virus is harmful 
to the host, and so this paternal 
transmission is essential if it is to be 
maintained and spread in the host 
population. The virus is cytoplasmic 
and has been found in sperm cells, 
so it appears to be transmitted 
directly to the zygote via the sperm. 
The lower rate of transmission 
through sperm compared to eggs is 
thought to be due to the smaller size 
of the sperm resulting in fewer virions 
being passed to the zygote. There 
are also specific barriers to the virus 
getting into the male germ line, as it 
is essential for the virus to get into 
the germ line early in development if 
it is to be transmitted. If adult males 
are injected with the virus, the virus 
replicates to reach high titres and 
yet it is never transmitted vertically. 
The consequences of the low dose of 
viral particles in the sperm also goes 
across generations, as daughters 
infected by their fathers transmit 
the virus at a reduced rate, and 
sons infected by their fathers do not 
transmit the virus at all. 
Why are paternally transmitted 
pathogens rare compared to 
maternally transmitted ones? Any 
vertically transmitted parasite can 
increase its transmission rate by 
being paternally transmitted, and yet 
comparatively few have adopted this 
strategy. The simplest explanation 
for this is that sperm/pollen are small 
and contribute little cytoplasm to the 
zygote, so parasites are physically 
excluded from male gametes. This is 
consistent with the observation that 
even among paternally transmitted 
parasites the rate of transmission 
through male gametes is usually 
lower than through eggs. 
One theory to explain why sperm 
have evolved to be small compared 
to eggs is that it happened for this 
very purpose; by excluding paternal 
cytoplasm, they prevent transmission 
of microbes and organelles to the 
next generation. This will not only 
prevent males transmitting parasites 
to their offspring, but will also 
avoid mixing genetic lineages that 
could lead to cytoplasmic conflict. 
This conflict could manifest itself 
as pathogen virulence — with 
pathogen strains replicating rapidly 
to outcompete each other — or in 
conflict over which parent donates 
organelles. Because of this there is 
often a misconception that sperm 
cannot transmit parasites at all; 
although sperm are certainly less 
likely to transmit pathogens, they 
shouldn’t be ruled out altogether. 
Sperm cells also undergo more 
divisions than their female 
counterparts which become eggs, 
and this could have a dilution effect 
on parasites if they cannot replicate 
fast enough to get into each new cell. 
There may also be other barriers to 
parasites getting into male gametes. 
Evidence for this comes from the 
sigma virus being excluded from the 
germ line unless the infection occurs 
early in development. In mammals, 
the mitochondria inherited from the 
sperm cell are ubiquitin tagged and 
so are recognised and destroyed in 
the developing zygote. It is possible 
that analogous mechanisms could 
target microbes in or on sperm.
What about the future? It is unclear 
as to whether paternally transmitted 
parasites are simply rare curiosities 
or are much more common than 
we realise. It is possible that there 
is a huge diversity of paternally 
transmitted parasites to be 
discovered, as viruses and bacteria 
have been found in the testes or 
pollen of a number of arthropod and 
plant species. There are also reports 
of strains of Culex mosquitoes and 
many species of Drosophila that 
are killed by CO2, suggesting sigma 
viruses may be common. 
These parasites raise a number 
of questions; how do they get into 
male gametes, how do fathers 
attempt to protect their offspring 
from such parasites, and what are 
the implications of such parasites on 
the mating success and fertility of 
infected males? 
Where can I find out more?
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